We covered a rectangular site in a residential area oriented at a 45°angle to the north, and rotated the roof of the second floor on top of the rectangular first floor and created a large window on the side at the south corner.
| INTRODUCTION
We present a small house for a family of four, specializing in architectural environmental engineering. The primary design objective for this house was to optimize the indoor environmental quality within a limited site space and budget. Along with the social trend of sustainable and energy efficient private houses in Japan, relatively high percentage of new houses has been equipped with sophisticated new technologies and energy creation systems. However, these systems are generally costly and the design of houses is not harmonized with these technologies. We believe that the "folded roof house" is a design solution that optimizes the pleasantness, comfort, environmental conditions while using generic equipment and techniques, and achieved an architectural expression together with technologies. 
| Floor planning
We 
| Structure system and roof construction
The foundation and the exterior walls of the first floor are made of 250 mm thick concrete, while the structure of the second floor and other components are all made of small-size timber materials with 120 mm dimension prevalent in the market. We also used the conventional technique and the generic steel joints for the timber construction, which local carpenter can afford. The stiff timber box F I G U R E 2 Overall view from the street
Roof study model structure consists of the folded roof panels and the exterior wall panels realize a pillar-free space of 7.7 m 9 10.2 m. While we set the section of the folded roof with right angle to make the construction easier, the whole roof slants about 10°for drainage and scale adjustment of interior space. There were some joints with unusual angles at the meeting points of folded roof and walls, and we made 3D models and drawings to explain them for carpenters (Figures 8 and 9 ).
| Natural lighting and ventilation
We designed the house to have sufficient natural daylight and ventilation, meanwhile the area of the window surface was minimized to reduce thermal loss. We set four main windows at higher level to 
| Insulation and air conditioning
We set the insulation specifications to optimize the thermal performance. The first-floor concrete was covered with insulation and worked as heat storage to stabilize the interior thermal conditions.
The second-floor timber panels were filled with onsite forming insulation to prevent heat bridges and condensation. It is generally difficult to realize an effective heating system for the winter for an interior volume with a high ceiling. The underfloor heating system consists of an energy-efficient air conditioning unit, and a circulation fan keeps the first floor warm. The air flow along the folded roof created by the circulator fan minimizes the non-uniformity of air temperature in the space. Because of the exterior heat insulated concrete wall with large heat capacity and under floor air conditioning system, it is possible to maintain comfortable indoor thermal conditions all year round ( Figure 13 ).
| Conditions of sustainability
Owing to these environmental design solutions, the observed data showed mostly expected results with regard to energy consumption. 
